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Your Labo ‘atory Needs This Chari 
Send for lt Without Cost! 


HIS chart will prove itself invaluable to the use: 

instruments, as it indicates at a glance the standa 
tor determining the property of any oil product. 
Additionally, it gives the authoritative specification 


both the A. S. T. M. and U. S. Government under whi 


listed. The chart size is 22 inches by 28 inches and 

of the standard apparatus are large enough to be helpt 
Ihe supply is necessarily limited but a prompt request 
copy to you—without obligation, of course. 

Catalog No. I 699C lists and describes all the TAG O 
Instruments illustrated in the chart. Better send for 


coupon below. 
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TRUE STORIES 
of 
MERCOID 





N THE middle 
west there is a 
manufacturer who 
actually breeds 


flies. 


The company 
makes a product 
for ki!ling insects 
and it is necessary 
to make constant 
tests of efficiency. 
And the flies used 
in these tests must 


be healthy flies. 


Manual control 
of the temperature 
in the incubators 
did not produce 
the best results. 


So Mercoid was 
called in, and now 
watches over the 
incubators keep- 
ing the tempera- 
ture constant. 


When writing 


to the Amer in Radiator Ce 
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Positive Control 
for Temperature, Pressure 


or Vacuum 


MERCOID 


ERCOID is solving thousands of 

control problems. Successful instal 
lations in every kind of industry have 
proven this to be a fact. 


Mercoids operate by electricity and 
control temperature, pressure, or vacuum. 
Electrically operated units, such as motors 
and heating elements, are controlled direct 
by a Mercoid. Units using steam, air, gas, 
or water are controlled by a Mercoid oper- 
ating a motor valve in the line. Mercoids 
are extremely accurate, rugged and depend- 
able. They carry full line current—110 or 
220 volts—without corrosion of contacts. 
No relays or transformers. 


A postcard will bring you complete information 


without any obligation. 


MERCOID No. 848 





This is only one of a complete line of automatic 
controls for general industrial work. 


AMERICAN RADIATOR COMPANY 
ACCESSORIES DIVISION DEPT. MI-8 
NEW YORK 





40 WEST 40th STREET 





? 
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Announcing a New Periodical 


METALS & ALLOYS 


Devoted to the Advancement of Scientific Metallurg, 





Published by THE CHEMICAL CATALOG COMPANY, INC., 419 Fourth Avenue, New York 





Editorial Director: 
DR. H. W. GILLETT 


Director, Battelle Memorial Institute, Columbus, Ohio. Formerly ( 
Division of Metallurgy, Bureau of Standards, Washington, D 
(By special arrangement with the Battelle Memorial Institute.) 


Assisted by a staff of competent specialists 


The Origin of this Undertaking 


6 ETALS & ALLOYS” was first ainple resources are available 

suggested by a group of prom’ its success. A separate organizat 
inent metallurgical engineers. The idea been created to care for “Mr: 
was brought to The Chemical Catalog ALLoys.” Its editor is assisted 
Company, Inc., for development be competent staff and the busines 
cause of our success in developing such of the paper are in charge of 1 
internationally known technical publi successful experience in otl 
cations as The Chemical Engineering undertakings 


Catalog (now in its 14th Edition); the 
great American Chemical Society Mon- 
ograph Series; the Condensed Chemi- 
cal Dictionary, and a wide variety of 
other successful publications. 


But, to succeed, we must ha 
support in the form of a subs 
Join with us now and hel; 
“METALS & ALLOYS” an instit 
real importance in the develop: 

We are assuming all financial re- metallurgical science and the « 
sponsibility for the publication and ing industries generally 


SUBSCRIPTION COUPON for “METALS & ALLOYS” 


THE CHEMICAL CATALOG CoMPANY, IN‘ 
419 Fourth Avenue, New York 


me ye 


Please enter my subscription for “METALS & ALLoys™ for Yt 
CWO yedal 


beginning with the first issue. 





In payment for which I am sending $ herewith 
If you prefer to have us mail you a bill, check here [] 
Subscription Rates, per year, payable in advance, United States of America, U. S. Possess 


and Mexico, $3.00 (Two years, $5.00); Canada, $3.50 (Two years, $6.00); All other countr 





Please check 
occupation below: Signed 


Metallurgist [) 
Chemist [ 
Engineer 


L 
Executive oO . 
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HE Brown Instrument Com- 

pany has just completed the 
erection of two new buildings, each 
consisting of two stories and a base- 
ment. These new wings have i 
creased the floor space of the plant 
about 60% 


Although it is less than a year since 
the company completed a two story 
addition, the rapid growth of its 
business has necessitated these two 
new sections. 


The new buildings will provide fa- 
cilities for manufacturing, research, 
offices and shipping. This project is 
the fourth addition The Brown In- 
strument Company has made to its 
plant in eight years. 


THE BROWN INSTRUMENT COMPANY 


4482 Wayne Avenue a Pa. 


Branches in 20 princit 


Brown Instruments 








‘to measure is to economize.’ 
When writing to The Brown Instrument Company mention INSTRUMENTS 








Page 4 INSTRUMENTS Nove 


The Favorite Meter for Production Testing of 


RADIO TUBES, ete. 


Also for use with THERMO JUNCTIONS in VACUQ 


& | 
Scale Size 
over 5 ee | 

3” long X27 

a 1 





Type 507 


Measuring Currents from .03 microamp and 
Voltages from 10 microvolts. 


Price $45 up 


Discount on quantity lots. 


Fitted with safety key and series Resistances if desired. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Office: 91 Seventh Avenue, New York City 


Also Manufacturers of DC Multimeters and AC or DC Thermal Multimeters 
Microammeters, Milliammeters and Ammeters, Microvoltmeters, Millivolt- 


meters and Voltmeters, Cabletesters, Timers, Earth Current-Meters, Flux 
meters, Thermo Junctions, Electrostatic Voltmeters, Wattmeters, etc 


Write for bulletins. 


Rar n Electr il Instrument ( mention INSTRUM! 
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tb 

¢ 
ACUO 

Precision Barometer 
Sor scientific use ae 
Patented 

& 

Size 

+x4 
x2%% 

0} 


System Guulin 


Stock holm 








Now 
S85 


Was 
5100 






Paulin 
The Most Aceurate Barometer Made! 


While it is difficult to read a mercury column more close- 
ly than .01 of an inch, the Paulin Barometer can be read 
easily to this degree—and even to .005 of an inch. 


Rapidly increasing demand now permits a price reduction 
on the entire line of Paulin Barometers, so you now get 
absolute accuracy at half the price of a mercury column— 
and at no higher price than an ordinary aneroid. On dis- 
play now at instrument stores. Or sign your name and 
address below, mail to The American Paulin System, 
Dept. I-11, 1220 Maple Ave., Los Angeles, Calif. for free 
booklets explaining the Paulin principle. 


meters, 
Hivolt- 
, Flux- 


» ete. PRT aS 4d cn boob ses oe Address...... ‘ City. 


PRODUCT OF GENERAL INSTRUMENT CORPORATION 


j 
, v 








When writing to the Amcrican Paulin System, In 
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Enclosed Lamp and Scale 


GALVANOMETER 
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ALUABLE space on laboratory tables, and 

valuable time of laboratory workers, can be 
saved by using this Galvanometer with lamp and 
scale enclosed in the case. The instrument requires 
no setting up or levelling. It is made in various 
characteristics, but a single instrument can be used 
for 99 out of every 100 routine bridge measure- 
ments. Its period is 3 seconds. Its price is $50.00. 


Write for Catalog I-20 






LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


LEEDS & NORTHRUP 


Electrical Measuring Instruments Hump and Homo Heat Treating F 
Potentiometer Pyrometers Automatic Combustion Control 
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The Chart of this Recorder is 12” wide. 


PESTTITITT 
+ 


1. Motor drive unit located out 6. Reservoir pen requir 
side of case will drive one or ing only about o 
several recorder units or one month. 
motor will drive a recorder 7. Novel features to 

unit and a controller unit. good chart action 

2. No high speed moving parts sprockets in either 

| inside the recorder case. damp or very dry 

Je lectrical elimination of cold phere. 
junction errors. . Che 
; . y: S. 1o1ce Of paper speed 

4. Recording Pen and Slide- ee eae ee 

or 114” or 3” per ho 


Wire Brush integral on one 
carriage. 9, Improved pen and ink 
5. Slide wire wound on straight 
rod and located forward, ing. 
above the chart. 10. Remarkably Robust 


Witson-MaAeuten (6 


INCORPORATED 


387 Concord Ave. New York, N. Y. 


When writing to Wilson-Maeulen Co. mention INSTRUMENTS 


bination for sure 
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To Our Readers 

ITH the December issue, INSTRUMENTS will have completed 
W i: second year. During this short period it has made a very defi 
nite place for itself. 

The Reader’s Service Department has shown the largest increase in 
services given. During the first 12 months about 30 questions a month 
were received on sources of supply of certain instruments and measuring 
devices. The first 6 months of this year the same number of inquiries 
were received as in the whole of 1928. Inquiries received during July, 
August and September totaled 272 and during October 120. That is, at 
present we are receiving in a single month almost half the number of 
inquiries received during the whole of the year 1928 


You will appreciate the vast amount of preparation required to hav 


ken 


our files in order, so that the large amount of information can be ta 
care of, without delay. 
This department is at your service. 


Differences of Opinion 
HE editor is always very glad to have the readers write in on any 
coven pertaining to measurement in which they have a special in 
terest. Also, on anything appearing on the pages of this publication. If 
such opinions differ from those expressed in print they are doubly wel 
come—but, the editor feels that it does not necessarily follow that what 
was printed was a mistake. 
Some time ago I happened upon a quotation of which I had a copy 
made and placed under the glass on my desk. This is given here 
“When a plumber makes a mistake, he charges twice for it. When a 
lawyer makes a mistake, it is just what he wanted, because he has a 


chance to try the case all over again. When a doctor makes a mistake 


he buries it. When a judge makes a mistake, it becomes the law of t 
land. When a preacher makes a mistake, nobody knows the difference 
But when the editor makes a mistahe—GOOD NIGHT!” 
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Indicating Frequency Meters 
B. W. St. Clair™ 


HE general interconnection of large power systems has made neces 
t ry frequency indicating devices of high sensitivity and dependabil 
To get the required sensitivity without sacrifice of desirable electrical 
haracteristics has necessitated the development of a new form of elec 
ical indicating instrument of “ratio” type. A brief review of the more 
salient points of frequency meter design is given here 
Aside from the resonant reed type of indicator most frequency meters 






























wwe been devices to indicate the ratio of two currents, i.e., the ratio of 
two impedances, one or both of which were frequency sensitive. The 
cessity for indications that are independent of voltage makes necessary 
this ratio measurement. A single circuit that is frequency sensitive while 
iseful for laboratory purposes is obviously of no use in practice as the 
current will vary with voltage as well as with frequency. There are a 
imber of circuits that may be used for various purposes Some of them 
ire discussed here. 

The simplest pair of circuits is that shown in Figure 1. The current 
A branch will not vary with frequency. The current in B branch of 
he circuit will decrease with frequency, and if the inductance L is very 
urge compared with the resistance of this circuit the current will vary 
substantially inversely as the frequency. As a certain amount of resist 
ince is necessary in the indicator itself and in the inductance coil this 
condition can never be realized and the current varies less rapidly than 
the reciprocal of the frequency. This means that the rate of change of 
ratio of currents in A and B circuits is small and the sensitivity of the 
device is thus small. 

This circuit has another disadvantage in that the current in B circuit 
will depend to some extent upon the wave shape of the applied voltage 
The impedance to the third harmonic will tend to be three times the im 
pedance of the fundamental and the impedance to the fifth harmonic five 
times that of the fundamental. This means that the t 

mize harmonics in the current in B circuit whereas they are not changed 
in A circuit. This will introduce errors in the indications of the indicator 
when the voltage deviates perceptably from sinusoidal 

A circuit that is akin to this one and in use at times is that shown in 
Figure 2. In this circuit a capacitance is used in circuit A instead of the 
inductance used in circuit B of Figure 1. This combination has substan 
tially the same properties as that in Figure 1 except that the current in 
Branch A tends to vary with the frequency instead of with the reciprocal 
f the frequency. This combination is also subject to objections on the 
score of wave form troubles. The impedance of Branch B to the various 
harmonics tends to vary as the reciprocal of the order of the harmonics 
Thus the impedance to the third harmonic is one third that of the fun 
damental and three times normal third harmonic current flows. The ratio 
f the currents in branch circuits A and B thus varies with the wave 
shape of the applied voltage 


endency is to mini 


*Standardizing Laboratory, General Electric ( 
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This second group of circuits has one practical advantage 
of Figure 1 in that it may tend to introduce less voltage erro: 
final indications. The inductance in branch B of Figure 1 mus: 
clad in order to get sufficient low resistance. The flux density 
influences the value of the inductance and the circuit therefore 


change of constants with voltage. However, this is not general; 
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A modification of the two previous circuits can also be used 
combination is shown in Figure 3. The change of ratio of curre: 
branch A and B will be much more rapid than in either Figur 
Figure 2 since the impedance of B increases with frequency and 
creases with frequency. This circuit, however, is very subject to 
form disturbances since the harmonics in B are suppressed by the cl 
action of L and are enhanced in circuit A by the action of capacita 
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In making frequency meters of large range either the circuits 
1 or 2 may be used. Long range indications are understood a 
20 to 70 cycles, of 15 to 90 cycles and the like 

Short range instruments as 55 to 65 cycles or 59.5 to 60.5 
quire circuits that change much more rapidly with frequency 
of these three. A very effective set of circuits was described by 


H. Pratt and Mr. D. R. Price in Journal A.I.E.E., 1912 


This circuit in its most effective form makes use of two res 
cuits as is shown in Figure 4. The general features of resonant 
are shown in Figure 5. The resonant points of branch circuit 
are different. One circuit is resonant at a frequency below tl 
scale value of the instrument and the other is resonant at a va 
the highest scale value. This is shown in Figure 6. It is seen in tl 
that the current in A branch decreases as the frequency rises 
branch increases with rising frequency. These rates of change i: 
are very rapid 

This combination of circuits is very free of wave form troubl 
highly resonant circuits act as wave filters to pass only the fund 
They have very high impedance to the high harmonics as can | 


Figure 7 

Despite the fact that the current wave shape in each circuit is d 
from its voltage (except when the voltage is sinusoidal) there is 1 
introduced as the filtering action is the same in both circuits and t 
rent that passes is almost purely fundamental 


The usual way of constructing “ratio” instrument elements 
to use two armature coils upon a common shaft. The armature 
at an angle to each other. A photograph of such an armature | 
in Figure 8. A diagrammatic representation is shown in Figure 9 

The action of these can be shown by the vectors in Figure 9. TI 
tor resultant of fields A and B will align itself with F—the dir 
the field from the field coil. As the frequency increases the current 
will decrease and the current in B increase. The length of the ve 
Figure 9 will then change and the resultant R will therefor: 
space phase position and will thus cause the armature to take a n 
tion to align R parallel with the field of the field coils. This is, of 
a very elementary treatment. No attention has been paid to relativ 
angles in these three circuits. Figure 10 shows vectors for 35 
cycles and 65 cycles 

This form of indicator when used with the two resonant cit 
very effective for relatively short scale ranges as 55 to 65 cycl 
does not have sufficient sensitivity to give accurate indications wh 
high sensitivity as a 59.5 to 60.5 cycle scale is required. 

A form of indicator of better torque producing properties 
worked up and described by T. A. Rich at District 1 A.LE.E. St 
Convention in Troy, May, 1929. This indicator has several ad\ 
as a “ratio” instrument. The principle is applicable to numer 
of indicators where ratios of currents, voltages or impedances 
indicated. The general form of this indicator is shown in Figures 
and 13. For the sake of clearness in presentation it is first devel 
a ratio instrument for d-c. circuits. The torque producing element 
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, ; 
The general circuit of the torque element is shown 


sed Fig 
re are two field windings, Fa and Fx which are equal and intet 
and of opposite polarity. There is a single armature 
carries the sum of the currents in A and Assume that 
is used on direct current. The field flux from the fielc 


WIl 








Fig. 8 
proportional to the difference of the currents in circuit A and ci 


it B. The flux from the armature is obviously proportional to the sum 


f currents in A and B since the armature is common to both circuit 
The torque or turning tendency of the armature is proportional to tl 
product of the flux in the field coils and the armature (assume the arma 
ture is at right angles to the field coils). Then the torque produced is 
proportional to the product of the sum and difference of the currents in 


1) 


the two field coils. This introduction of the difference of two currents in 
he final torque equation is responsible for the very high sensitivity pos 
sible in this instrument. The difference of two currents which are almost 
equal will vary very rapidly with relatively slow changes in the currents 
themselves. A typical result is shown in the table below 
A B A—-B A+B (A-+-B) x (A—B) 
(milliamperes) (milliamperes) (milliamperes) 
19 20 ] 39 39 
Assume a 5% change in A and B, one going up and one going down 
117 


As the torque is proportional to the product of the sum and difference: 


the torque is here shown changed by a factor of three when the currents 


lk 


3 3 39 


is 
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have changed 5%. The minus sign indicates that the turning n 
toward the low side of the scale. A plus sign in the differen 
indicate an up-scale torque. As the instrument now stands th: 
would throw to one side or the other but would not take up 
position on the scale. The torque would vary but the scale i: 
would not. It is obvious that some control element is necessary 
a balanced position of the pointer. This element must provide 
torque that varies with the square of the voltage as the torque it 
vary with the square of the voltage. A control torque whose volta 
ition is other than the square of the voltage will introduce volta; 
into the indications. This element could be introduced in several 

The most simple way is to add another torque producing devic 
armature and to arrange this device to produce a torque tendi: 
the armature at right angles to the field coils. A piece of magn 
terial whose plane is parallel to the plane of the armature coil 
duce such a torque. Its action can be seen in Figure 12. 


F 2 A PRMATURE Colt. 
Aa Bix B-ARMATURE Col 
I / FF Fiero Cons 
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MaAonetic Vanes 














FIELD CoiLs 








In this figure no armature coils are shown. If the pointer is 
from the center scale position the magnetic vane tending to par 
self with the field of the field coils will produce a torque ten 
return the armature. 

If now this magnetic vane be added to the armature the action 


the same as before and no complications are introduced by its a 
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armature. Its plane being parallel to the plane of the armature 
he armature flux threads it at right angles to its length and there 

is not longitudinal magnetizing of it by the armature current. 
The reaction of the armature and the field coils will tend to deflect the 


wmature away from center scale position 


The reaction of the armature magnetic vane and the field coil opposes 
s and a balance point is thus reached where the two tendencies are 


qual. The device thus becomes a very sensitive indication of equality or 
k of equality of two circuits 


If this type of indication be added to the double resonant circuit illus 
trated in Figures 4 and 6 it becomes a most sensitive indicator of fre 
uency. The action on acc. is the same as the action on dc. as described 
ihove. There are, however, other properties when used with these re 
sonant circuits that cannot be dealt with here. It is very feasible to build 
nstruments whose full scale deflection (90°) takes place when the fre 

ncy changes from 59.5 to 60.5 cycles. If it were possible to produce 
uctors and capacitors of sufficient constancy it would be feasible to 
ld instruments of 59.9 to 60.1 cycles scale rating 
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The Water Current Meter 
Paul E. Hoff 


TREAM velocities and discharges are determined by current meters 
S Years past, approximate results of such measurements sufficed. Me 
hanical devices, based on the assumption that stream velocities bear a 

relation to their forces, were designed and generally accepted 
These same devices, only slightly modified, are in service today. Increas 
ny demand for greater economy in the distribution of water, naturally 
requires greater accuracy in measurement. 

Investigations disclosed that the relation between flow velocity and 
meter action is not the same at all velocities. Friction was held responsi 
hle. sensitiveness was thought to be missing. However, an almost fric 
ionless meter failed to bring the expected relief Studies were then 
lirected upon “the relation of stream flow to meter action,” which have 
siven a better understanding of the current meter situation 

The assumption, that stream velocity is proportional to its force, may 

xcceptable but to make it, unconditionally, the basis for designing a 

echanical meter is not justified. It is essential to retain for meter action 
the natural flow whose velocity is to be determined. To operate a me 
hanical device by the forces of flowing water and retain the originality 

the flow condition is inconceivable. 

Observing the movement of stream layers as they meet an obstruction 
reveals that some layers, by changing their flow direction, find a ready 
setawav, others are forced against the obstruction endeavoring to find 
in early chance to escape. The layers, so retarded in their progress, 
xert their respective pressures, aiming to remove the obstruction. Thus 
the formerly regularly moving layers upon reaching the obstruction, ap 
pear to be in a state of turbulence 


It is characteristic of flowing water that its particles exert their indi 
vidual forces whenever the occasion arises, they are not bound to ad 
joining particles except by their fluid cohesion. The flow condition and 
the distribution of flow forces, in the vicinity of an active current meter, 
ire in an actual turmoil, one resultant of which is the meter rotation. 


At low velocities, when the forces of the individual stream lines at 
tack the slowly moving rotor at its many surfaces, irregular in reference 
to their angular relation to the flow direction, the rotation differs from 
that at high velocities, when the rapidly moving stream lines press col 
lectively against the meter which, because of its high rotation, has lost 
the effectiveness of the irregular form of its rotor. (The whole meter 
ippears like a single flow obstruction.) The high velocity rating curve 
substantiates this view, it proves that the relation between velocity and 
meter rotation is constant. 

Current meters are rated to establish the ratio between meter rotation 
ind the flow velocity. This is done at rating stations where provisions are 
nade to move a rigidly supported meter at various velocities in a definite 
direction through still water. While this is contrary to field practice, 
where the meter is held stationary and meets the stream flow, meter 


Y 
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rating in still water is the only method, economically availabl 
and maintain a definite relation between the position of the 
and the direction of travel or the flow direction. 

There has been and still is some disagreement concerning th 
method of meter rating and a perfect agreement is not lik 
reached. It will be difficult to find a natural flow suitable for 
pose and even artificial channels of flowing water would p1 
costly to provide with sufficient water for a large number 
velocities. Experimentally both of these methods have been 
Europe where the results were found surprisingly identical 

The water, flowing a certain distance, will cause a certain nu 
meter rotations regardless of the time consumed in the travel 
the basis for current meter work. Meters with freely expos 
will do that, providing the flow direction in relation to the met 
will remain constant and the relation between flow forces and 
ment inertia does not change 

In reality the rating station seems to be the only place wher 
direction is constant in reference to the position of the meter 
relation between flow forces and instrument inertia can be 
only at high velocities when inertia is negligibly small in compa: 
the flow force. At lowest velocity no rotation will occur beca 
inertia is too great to be overcome by the minute flow forces 
increasing velocity, meter rotation begins, the flow forces incr 
while the inertia remained virtually unchanged. Continued incr 
velocity makes the inertia appear negligible when compared wit 
prevailing velocity forces, thus the constant relation is establis} 

There is an uncertainty regarding the value of “rotation 
velocities” as to its “representing the true flow velocity.” Whe: 
moving stream layers meet a partially moving flow obstruct 
layers also their forces are in a state of confusion, it therefor 
rather bold to assume that the resulting meter rotation should 
sent the actual flow velocity. A careful study of the meter rating 
will remove the uncertainty regarding reliability of meter actio1 

The high velocity rating points, when plotted, fall in such a m 
that a connecting line of a majority of them is a straight line, its 
tinuation passes through the origin. This means that the high vel 
rating curve is identical with the ideal curve (obtained from ratings 
imaginary, perfectly frictionless meter of the same type). Utilizi: 
ideal curve as a reference line for establishing the high velocity 
(connecting a majority of the high velocity rating points wit! 
origin by means of a straight-edge), it will be seen that all low vel 
points fall consistently below the reference line. The point of | 
velocity is farthest from the line, as velocity increases the points 
nearer until, at what may be called the critical velocity the points 1 
with those of the high velocities. It is this merging that determin: 
efficiency of the meter. The lower the critical velocity, the wider 
range of usefulness of the meter. 

It is evident that mechanical current meters can not be fau! 
measuring instruments but the most efficient and reliable mete: 
the ones that are least flow obstructing. 
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Measurement 


of Air Flow 
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Bramwell Medallist; Member of the Institution of Heating and Ventilating 
Engineers; Assistant in the Aerodynamics Department, 
National Physical Laboratory 


CHAPTER III. 
THE DESIGN OF PITOT AND STATIC TUBES. 


It was shown in the last chapter that the velocity head is, in 
general, obtained as a difference of two pressure observations— 
the total head and the static pressure—of which the former can 
be accurately determined by means of an open-ended tube 
facing the stream. This method is, in fact, universally adopted 
for the measurement of total head, the facing tube being known 
as the Pitot tube after the French scientist Pitot, who appears 
to have been the first to use it ; ieee ee, 
for this purpose. Abundant (( Sl 
experimental evidence exists j 

in confirmation of the fact that 
the pressure indicated by the 
facing tube is accurately equal 
to the total head, and that 
the form of the tube may be 
varied within wide limits 
without sensibly affecting the 
observed pressure. No such 
latitude is possible in the c 








design of a tube to measure 
static pressure : for this pur- 
pose it is essential to observe 
the condition already stated, namely, that the flow past the 
static orifice must be, as far as possible, the same, both in 
speed and direction, as it was in the free stream undisturbed 
by the presence of the instrument. 

On the basis of these requirements the development of 
static pressure heads has proceeded upon the general lines of 
the instrument shown in Fig. 3. It will be seen that the head 
of the tube which is introduced into the air current is bent at 
right angles to face the stream, its walls being parallel to the 








Fic, 3.—Static tube. 
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direction of flow, and terminates in a conical plug of g 
taper merging smoothly into the tube without a gap or « 


in external diameter. This form of head deflects the ai 
slightly, and at a short distance back from the tapered p: 
where the flow is once more sensibly parallel to the ti 
number of small holes is drilled. The other end of the tu 
connected to a manometer, and if the head is suitably 
portioned (see below) the true static pressure will be observed 
In drilling the holes in the walls of the tube it is essential that 
no burrs be left on the outside. 

The Pitot-Static Tube.—Fig. 4 shows a convenient form 


7 holes per row. 0-040inches diam. 
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Fic. 4.—N.P.L. Standard Pitot-static tube. 


of combined Pitot and static instrument in which the two tubes 
are arranged concentrically. The apparatus is constructed ol 
brass tubing to the dimensions shown in the diagram, the outer 
tube, which serves for the determination of static pressur 
being tapered and closed at the end, with the static holes 
ranged on the parallel portion, while the inner tube measure 
the total head. This instrument was devised and calibrated 
at the National Physical Laboratory,* and the static side was 

* Reports and Memoranda, No. 71, of the Aeronautical Research 
Committee—December, 1912. 
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und to indicate the true static pressure to an accuracy of 
or per cent., which was within the limits of observational 
error. In order to effect a measurement of air speed, the two 
tubes are connected by means of rubber tubing to opposite 
sides of a differential manometer,+ and the resultant reading 
indicates the speed of the air past the mouth of the tube facing 
the current. It should be noticed that the static pressure is 
measured about 2 inches downstream of the region at which 
the total head is observed. Strictly, of course, the two pres- 
sures should be measured at the same point if the speed is to 
be deduced from the readings. No sensible error is, however, 
introduced by the more convenient practical arrangement 
adopted, since the static pressure gradient along an airstream 
is normally never sufficiently great to give rise to an appreciable 
difference of static pressure at two points so near together. 

In view of the satisfactory performance of this instrument, 
it has been adopted by the National Physical Laboratory 
as their fundamental standard against which all other anemo- 
meters are calibrated. Copies of this standard are now in 
general use, and it may be noted that these copies do not re- 
quire calibration if they conform faithfully to the dimensions 
of the standard shown in Fig. 4, particularly as regards the taper 
of the head, and the distances back from the nose of the static 
holes and the stem (i.e. the portion of the instrument perpen- 
dicular to the head). The static pressure reading is sensitive 
to quite small variations in these dimensions, and if for some 
reason it is convenient to construct the instrument of tubing 
of diameter different from that shown in the diagram, it is es- 
sential to alter the external dimensions of the head in the ratio 
of the new to the original diameter, so that the new head is 
geometrically similar to its prototype. 

Although this instrument provides a perfectly definite and 
trustworthy standard, it is subject to certain defects when 
considered from the standpoint of the practical engineer. 
Reference has been made to the need for accurate reproduction 
of the shape of the head in the manufacture of duplicates, if 
the calibration is to remain unchanged, and it will be instructive 
to examine more closely the reason for this necessity. The 
pressure distribution in the vicinity of the nose of the instru- 
ment has never been actually determined, but there can be 
little doubt that it will be somewhat of the nature of that 
shown in Fig. 5, in which the ordinates represent the pressures 
normal to the surface of a model of an airship envelope. It 
will be seen that near the forward end there is a region of 
positive pressure (i.e. above atmospheric) which is rapidly suc 
ceeded towards the tail by a negative pressure zone extending 

t See Chapter 1X. 
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for a considerably greater length. Experience indicat 

the pressure distribution round the nose of the stati: 

similar to that shown in Fig. 5 with, probably, the | 

region of positive pressure relatively much shorter, a1 

the static holes, as normally situated, lie within the loy 
Wind 


i od 
Direction 





Positive Pressure 








Negative Pressure 


Fic. 5.—Distribution of pressure on airship hull. 


sure area, so that, in the absence of other effects, the stati 
pressure recorded will be too low. It is found also, however 
that the presence of the stem introduces a region of highe 
pressure upstream of itself which extends to a distanc 
beyond the position of the static holes. 

There is thus no a priori reason why the pressure recorded 
at the static holes in the standard static head should be t! 
actual static pressure ; the fact that it is so would appear t 
be fortuitous, and to depend upon the somewhat precari 
balancing of opposite effects—a positive pressure due to t! 
stem and a suction due to the flow round the nose. This fact 
assumes importance when, as comparatively often happens | 
practice, it is convenient to employ a long, straight form 
instrument in which the stem is either absent, or consid 
further down wind from the nose than in the standard form 
In such circumstances the observed static pressure will b 
error, even if the head itself is otherwise of standard shap 
It would obviously be an advantage to have as a standard 
form of head whose readings would remain sensibly const 
irrespective of the position of the stem and, within reason 
limits, of the shape of the nose. 

The Characteristics of Static Tubes.—In order to e: 
tablish the characteristics of static tubes and to determine t! 
chief factors influencing their design, the author, in conjunct 
with Mr. F. C. Johansen, B.Sc., undertook a research o1 
subject. which is described in Reports and Memorand 
g81,* of the Aeronautical Research Committee. The | 

* The Design of Pitot-Static Tubes (OQwer and Johansen) 

Colliery Engineering, October, 1927. 
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ation was designed to throw light on the best position for 
the static holes, the effect of variations in the shape of the nose, 
and the influence of the stem on the static readings. For this 
purpose a straight brass tube { inch in external diameter and 
about 5 feet long was selected. At one end provision was made 
for fitting a rubber connecting tube leading to a sensitive mano- 
the other end was faced square and tapped internally 
to take any one of a number of differently shaped heads, which 
were similarly screwed and were thus interchangeable. Starting 
from this end, twenty sections were chosen along the tube, and 
at each section four pressure holes, 0-05 inch in diameter, 
equally distributed round the circumference, were drilled 
through the walls of the tube. The spacing of the sections 
and details of the tube and the heads are shown in Fig. 6. 
Four heads in all were tested ; of these, three were tapered, 
one, which had a taper of one in ten, being geometrically 
similar to the head of the N.P.L. standard instrument (see Fig. 
4), and the other two having respectively half and twice this 
taper. In each case the maximum outside diameter was twice 
the diameter at the smaller end of the taper, and the head was 
bored out internally for some distance back from the nose, as 
shown in Fig. 6, in order to represent the front of the impact 
tube. The fourth head was hemispherical, the diameter of the 
aperture representing the impact tube being, as for the other 
heads, half the diameter of the main tube. A narrow shoulder 
turned on the base of each head, as shown in the diagram, 
fitted against the faced head of the main tube, and served to 
provide a flush joint which was easily rendered leak-tight by 
the application of a small quantity of vaseline to the screw 
thread. 
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Fic. 6. 
Some doubt was at first felt as to the requisite depth of 
the openings representing the mouth of the impact tube. It 
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was thought that this depth might conceivably affect 
round the nose, and thus also the pressures observe 
various static holes. Preliminary experiments with tv 
heads, however, in which the depth was varied by 1 
cylindrical plugs fitting the opening, showed that no 1 
able effect due to this cause could be detected, even w 
forward end of the plug was flush with the mouth of the 

lor full details of the experiments the reader is 
to the original report mentioned above. Briefly, the 
gation consisted in supporting the tube, with one or 
the heads attached, with its length along the axis of 
tunnel,* 1.e. parallel to the wind, and observing the differe 
between the pressure recorded at the pressure holes 
section in turn, and the true static pressure in the empty 
as measured by the N.P.L. standard instrument.  Initi 
the pressure holes were stopped up with a mixture cont 
equal parts of ceresin and vaseline previously melted up ti 
which formed a conveniently plastic medium for makin; 
holes leak-tight. The surplus was then cleaned off, leavin; 
flush smooth outer surface to the tube, and the pressure |} 
at the section at which measurements were to be mad 
opened, so that the pressure acting on the tube at this s 
was transmitted to the manometer. When this pressur 
been observed the holes were again closed with the { 
medium, and the procedure was repeated for the next 
holes, and so on until the pressure at each section had be 
obtained and compared with the true static pressure at 
position occupied by the section. Observations were mac 
a number of air speeds up to a maximum of 70 feet per si 
with the tube fitted in turn with each of the four heads. 1 
data furnished by these experiments, which we may for c 
venience term series (a), served to establish the effect of \ 
tions in the shape of the nose, and to indicate the best positi 
of the static holes. For the determination of the effect of t! 
presence of the stem (series (b)) measurements were mad 


+ 


17 


1 


one set of holes only, the pressures there being record 
various positions of a vertical rod representing the stem « 
combined Pitot and static instrument and of the same dia 
as the main tube, as the rod was moved along the tube towar 
the holes, starting from a considerable distance downst! 
The holes selected for these measurements were situated 
twelfth section from the forward end of the tube, since t 

* A wind tunnel is a large duct of square or circular cross 
along which a uniform steady current of air is made to move at a 
speed, which can be adjusted at will to any value within certain 
It is a piece of apparatus much used in aerodynamic research 
full description reference may be made to Applied Aerodynami 
stow), or to the reports of the Aeronautical Research Committe: 
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of series (a) indicated that for all the heads tested the 
ure variation along the tube had become inappreciable at 
section. 

[he results of these experiments supplied comprehensive 
information relating to the design of static tubes, and they are 
discussed in some detail below. 

Series (a).—F ig. 7 shows data obtained with the four heads 
at an air speed of 70 feet per second. The ordinates represent 
the differences between the observed pressures at the various 
sections and the true static pressure at these sections, the 
differences being expressed as percentages ol the quantity 
\pv?; the abscisse denote the distances of the sections from 
the forward end of the main tube (i.e. from the commencement 
of the parallel portion downstream of the head) expressed in 
terms of the external tube diameter. It should be noted that, 
expressed in this manner, any selected ordinate represents the 
percentage error on Sov? which would be obtained from a total 
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head tube used in conjunction with a static tube of t 
shown and having its pressure holes in the selected po 

It will be seen from Fig. 7 that in every case a lower | 
was recorded than that observed with the standard inst 
and that the gradient of normal pressure along the t 
hibited the same characteristics for all the heads test: 
the first 3 or 4 tube diameters from the commence: 
the parallel portion the pressure variation is rapid, bi 
about 5 diameters onwards the mean gradient becom 
zero, and the pressure tends to approach a constant 
A noteworthy feature of these measurements is the fa 
the position of the beginning of the parallel portion of t! 
appears to be the main factor which determines the longit 
pressure gradient. Thus, the longest head (taper 1 
extended 10 diameters upstream of the end of the tube t 
it was attached, and the shortest—the hemispherical 
only about } diameter, a difference of g} diameters. Nev 
less, the difference in the positions at which the gradi 
these two heads become sensibly horizontal is only 
3 diameters, the region of approximately constant pres 
being reached at about 3 diameters with the long head, and 
the hemispherical head at about 6 diameters, from the e1 
the maintube. It should also be observed that the ordinat 
the more or less horizontal portion of the gradient are appro) 
mately the same for all the four heads, at any raté 


20 diameters from the end, which represented the limit of 
experiments. A mean value for this ordinate would app 
be about 0:25 per cent. of $pv*. 

The effect of the shape of the head is clearly shown by 
results as plotted. Over the region where the pressure gradient 
is steep, the ordinates at any position along the tube ar 


the order of bluffness of the four heads, being greatest for 
shortest and bluffest head (hemispherical) and least fo: 
longest and most gradual head—that of I in 20 taper. Aft 
the pressure has become approximately constant along t 
tube, however, no systematic effect due to the shape of the h 
can be detected. 

It is possible at this stage to consider, in the light of thes: 
experiments, where the static holes can best be placed. Refe1 
ence to Fig. 7 indicates that it is inexpedient to put th 
a distance less than 5 diameters from the end of the tub 
since, in addition to the steepness of the pressure gradient 
which is itself an undesirable feature if steadiness and const 
of readings are to be obtained, the variation with the shap: 
the head in this region is pronounced. In the existing N.! 
standard the centre row of static holes is only 2-3 diamete 
from the commencement of the parallel length of the tube. a1 
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it will be evident that in these circumstances the apparatus, 
regarded as a precision instrument, might be expected to be 
unduly susceptible to relatively small changes in the shape of 

head. It would appear, however, in view of the steep 
pressure gradient at this position, that a more effective cause 
of small differences in calibration from one instrument to another 
would be small errors in the longitudinal disposition of the 
static holes. In a head which would permit of more latitude 
in manufacture without affecting its calibration, the static 
holes should be about six diameters back from the end of 
the tube, where the pressure gradient is gradual and the effect 
of an alteration in shape is, within very wide limits, inappre- 
cijable. 

Series (b).—The effect of the stem was observed for three 
heads, and the results are reproduced in Fig. 8. In this dia- 
eram the abscissze represent the distances of the stem aft of 
the static holes (in this case those situated in the twelfth section 
from the forward end of the tube) expressed in terms of the 
tube diameter. The ordinate at any abscissa represents the 
excess pressure produced by the stem in this position over 
the pressure gt the section when the stem is absent, this excess 
pressure being, as before, expressed as a percentage of }pv?. 
It will be seen that the presence of the stem increases the pres- 
sure in front of it, the effect being appreciable for a considerable 
distance upstream ; a further feature which attracts attention 
is the fact that the shape of the head exerts no perceptible 
influence on the observed increase of pressure. This increase 
is very marked at a short distance ahead of the stem ; when the 
latter is 2 diameters behind the static holes, for example, 
the pressure is raised by nearly 4 per cent. of $pv?, and the 
increase does not fall to 0-5 per cent. until the stem is 15 
diameters behind the holes. 

In the N.P.L. standard instrument the stem is some 


6} diameters behind the median plane of the static holes. Ref- 
erence to Fig. 8 shows that, at this distance, the presence of 
the stem augments the static pressure by about 1-4 per cent. 
If an instrument is used, therefore, which conforms in all 
respects to the N.P.L. standard, except that the stem is absent, 
it is to be expected that an error of 1-4 per cent. on 4pv?, i.e. 
0*7 per cent. on v, will be incurred, which is unduly large for 
accurate work. 

Definite indications are furnished by the results of experi- 
ments (a) and (b) of the features to be observed in the pro- 
portioning of static heads. From series (a) it is apparent that 
the static holes should be not less than 6 diameters back along 
the parallel portion of the tube, and from experiments (5) that 
the stem should be at least 15 diameters behind the static 
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holes.* These two requirements would combine to 
a head which would be considerably longer than that 
existing standard instrument, but this unavoidable 
in length can be appreciably reduced by substituting a 
pherical nose for the present taper. This course would 
to be permissible, since the results of experiments (a 
that the effect of the shape of the nose was not felt 
about 6 diameters downstream from the end of the 
portion. By the use of such a hemispherical nose a 
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Fic. 8.—Effect of stem on pressure at static orifices. 





* Observance of the latter condition ensures that the error i! 
pressure incurred by the use of an instrument in which the 
entirely absent will be limited to 0-5 per cent. of }pv?. 
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in length of 44 diameters will be effected, and there will be the 
additional advantage that the distance between the static 
holes and the mouth of the total head tube will not be so 
oreat that the effect of a static pressure gradient along the direc- 
tion of the airstream will be felt. In fact, in the proposed 
arrangement, with tubes of the same diameter as those at 
present used in the N.P.L. standard, this distance will be 
slightly less than the corresponding distance on the standard. 
[his reasoning led to the construction of the modified 
Pitot-static tube shown in Fig. 9. The tubes used were of 
the same diameter as those of the original standard, the outer 
one being 0-307 inch external diameter, and the mouth of the 
total head tube 0-157 inch inside diameter. The single row of 
7 static holes, 0-038 inch in diameter, was situated 6 external 
diameters back from the base of the hemispherical nose, and 
the axis of the stem was 15 diameters behind the holes, so that 
the total length of the head was 6:58 inches. 
a ae 
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‘1G. 9.—-Pitot-static tube with hemisphcrical head, 
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The static side of this instrument was calibrated in t] 
tunnel against the N.P.L. standard tube, at wind speeds 1 
from 20 to 70 feet per second, and it was found that the m 
tube indicated a slightly lower value for the static | 
than the standard, the mean difference over the range « 
speeds tested amounting to 0-6 per cent. of Jpuv? | 
assumption that the total head tube reads accurately (a1 
or two tests indicated that this was the case), it is to be in! 
therefore, that the readings of the combined instrument 
be 0-6 per cent of $pv* higher than those given by the « 
standard. 

It may be observed that by putting the stem furt 
forward the error in the static pressure recorded by th 
strument can be entirely eliminated. For this purpos 
stem must be advanced so that it produces, at the regio) 
occupied by the static holes, a pressure which is 0-6 per cent 
}ov? greater than that in the instrument as actually desig 
Thus, instead of giving a pressure, of 0°5 per cent. of }p 
the holes, the stem must be situated so that it gives a pressur 
of 1-1 per cent. of $pv*, and Fig. 8 shows that this occurs whe: 
the stem is about 8 diameters behind the holes. An instrument 
having a head shaped as in Fig. 9, with the stem 8 diameters 
behind the static holes, may be relied upon to measure \ 
speed to an accuracy of about + o-I per cent. 


20 





Modified Form of Instrument. 
N.PL. Standard 
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Fic. 10.—Effect of yaw on static pressure reading. 


Tests were also conducted with the modified instru 
to determine the effect of inclinations of the head to thx 
direction. For this purpose the instrument was mounted 
the stem vertical in such a manner that the head coi 
rotated or “ yawed’”’ through known angles in a hori: 
plane. The results are plotted in Figs. 10 and 11, which! 
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respectively to the effect of yaw on the static pressure readings, 
and on the readings of the combined instrument, i.e. the square 
of the velocity head. Tor static pressure the results are given 
as percentages of the reading at zero angle of yaw (head parallel 
to wind), and it will be seen that the effect of yaw was to reduce 
the pressure at the holes. As regards the readings of the com- 
bined instrument, the results are expressed in the form of the 
Ps 
Py 
respectively. The results show that this ratio increased up to 
16° yaw, where it had a maximum value of 1-045, and then 
decreased, passing through unity at about 25:5°. It appears 
therefore that, up to this angle, the maximum error that will 
arise in the measurement of velocity with this instrument will 
be + 4°5 per cent. of v?, i.e. 2-3 per cent. of v; up to 30° yaw 
the error in v may be + 2-3 per cent., and the instrument may 
be as much as 11° out of alignment before the error exceeds 
1 per cent. For comparison, the results of similar tests on the 


/ 
-e@ Modified Form of Instrument i 


+ N.PL.Standard 


ratio where P, and P, are the readings at @° and 0° yaw 
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Fic. 11.—Effect of yaw on velocity head reading. 








N.P.L. standard instrument are included in Figs. 10 and 11, 
and indicate the definite superiority of the modified instru- 
ment as regards sensitivity to errors of alignment to the true 
wind direction. For example, between 0° and 30° yaw the 
possible error in the measurement of air speed with the standard 
is about 5} per cent. as compared with the corresponding 
maximum of 2:3 per cent. with the modified type. 

In view of the satisfactory performance of this instrument 
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the author is definitely of the opinion that it may 
vantage be used, in preference to the existing patt: 
general practical work. In the first place, as a result 


low sensitivity to changes of shape, its construction « 
no great accuracy of workmanship ; small errors in th 
tudinal disposition of the static holes, and quite large var 
in the form of the nose, will not affect the calibration 
perceptible degree. It follows that all instruments « 
type, made with ordinary workshop precision to the dim: 
shown in Fig. 9, may be confidently accepted, without 
against a standard, as having the same calibration 
obtained in these experiments. That is to say, all 
struments will indicate a value of the velocity which is 0 
cent. too high, and if a head of this type is used in whi: 
stem is entirely absent, an additional error of only 0-25 pe1 
on velocity will be incurred. Both these errors are negli 


La 
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Fic. 12.—Dis« type static head 


small for ordinary engineering practice, but in any case they 
quite definite and due allowance may be made for them 
sired. Further, this instrument is distinctly less sensitiv: 
the existing standard pattern to errors of alignment with t 
wind direction, a feature of considerable importance in 
practical cases where the direction of the current is not ki: 
to about 10° or so. Finally, the hemispherical head i 
easily made and is much more robust than the present ta 
type. The latter terminates in a thin feather edge wh 
very liable to become damaged, with the consequent ole 
of a change in calibration. 

Disc Static Heads.—In a dust-laden airstream the 
holes in a static head of the tubular type are liable to b 
blocked, and for measurements under such conditions 
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of the type shown in Fig. 12 are sometimes used. Experiments 
by Heenan and Gilbert have shown * that these heads give all 
ne accuracy ordinarily required in the measurement of static 
sure. It is important that the face of the dise should b 
oth and that the tube connecting the orifice to the mano 





















































F1G. 13.—Combinations of disc static heads with total head tube 


meter should end flush with the disc surface. Such heads are 
either used in conjunction with the usual form of total head 
tube, as illustrated in Fig. 13, where two possible arrangements 
are shown, or, alternatively, the measurements of static pres 
sure and total head may be made separately as explained in 
Chapter V. 


* Proc. Inst. Civil Engineers, vol. Cxxiiit, 1896, “ esign and 
esting of Centrifugal Fans.”’ 
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Measurements 
Industrial & Scientific 


An Instruction Book for Engineers 
DR. WALTER BLOCK 
Eichungsdirektor der Provinz Ostpret 
CHAPTER I (Cont'd.) 
[he Historical Development of the Measuring Science and the 
Systems of Length and Weight 
by 
DR. FRITZ PLATO 
Director a. d. Reichsanstalt fuer Mass und Gewicht 
THE METRIC SYSTEM AND THE INTERNATIONAL 
METER AGREEMENT 
The metric system had its origin in France. Until the end of the 
shteenth century, an incredible confusion existed there. It was no 


iis snes 


etter in other countries: i.e., in Germany alone 132 different « 
, use. In the many small states, though, this disagreeable state of affairs 


ty . a 
plane vas not felt as much as in the uniformly regulated and governed France 
buantin, The desire of the people for the same weights and measures in the whole 


ntensity ountry was, therefore, very pronounced quite early, and in the year 
1789 a number of important French towns appealed to the Constituent 
Assembly that this multiplicity be abolished by statute. The assembly 
recognized the justification of the desire, and resolved on the motion of 
Talleyrand-Perigord on May 8th, 1790 to ask the king to have the gov 
rnment of Great Britain name a commission of members of the Royal 
Society which should in conjunction with a commission of members of 
the French Academy, determine the length of the seconds-pendulum at 
ny latitude, and derive from this an invariable embodiment for all 
weights and measures. After the king had approved of this resolution 
n August 22nd, Borda, Condorce, Lagrange, Leplace, and Monge were 
elected members of the commission of the Academy. England did not 
respond to the invitation. 
The French commission was not satisfied to simply accept the proposal 
f Taileyrand-Perigord but also considered other suggestions. There was 
no lack of preliminary studies because long before commerce and indus 
try, science had already recognized the importance of a standard unit of 
iniversal vadility. The leading viewpoint for the study was that the new 
init should be taken from nature but at the same time chosen in such 
nanner that, in case of eventual loss, the original standard could be re 
produced at any time. By this decision, the above mentioned natural units 
based on the human body were excluded from the beginning, for how 
ould the widely used ‘foot of Charlemagne” be reproduced with even 
ipproximate accuracy? Very soon also it was found that no reproducible 
quantity could be derived from animated nature, and that the non-ani 
mated nature offered such a meaure only in the earth itself; that even the 
latter is not invariable was recognized only in later times. Physical quan 
tities were not considered. 
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1 
} 
I 


1 as fundamental unit wet 
merous, but only two achieved general importance. Christiar 


: 
The suggestions to use the eart 


used gravity, when for tl 
logium oscillatorium published in 1673, he recommended thi 
] 


1e first time in 1664 and afterwards 


1 
or the length of the sin Nple seconds pendulum aS pes horari 


Mouton, an astronomer of Lyons, started from the circumfer 
earth and in 1670 suggested the selection of the one arc mit 
earth’s meridian as unit of length and to subdivide it accor 
decade system. Both propositions were subject to many char 
National Assembly agreed upon the former, but the committ 

] 


the latter for national and tactical reasons. They gave prefer 


Frenchman Mouton and also eliminated the co-operation of Gri 


‘in order to make it known later to whicl 

mination of a natural fundamental unit is due.” Objection wv 
the pendulum, which under latitude of 45° at sea level and at 
perature of melting ice in a vacuum beats one second (the sci 
agreed on this absolutely determined pendulum), that the | 
passing through France might be prejudicial to the latter a 


atit 


the pendulum-unit. The proposal of Mouton was further chat 
far as, instead of an arc-minute, i. ten-millionth part of a quart 
earth meridian was taken. The unit of mass was to be obtained | 
ing in a vacuum that amount of pure water at the temperatul 
ice, which is contained in a cube the edges of which have a cert 
tional part of the unit of length. That temperature was chosi 
reason that, one would therefore be independent of the differ 
perature S¢ ales. Later, these resolutions were not enti rely id 
they were changed in that for the derivation of the unit of 
water at the temperature of melting ice but in the state of it 
density was used because this could be determined more 
it was determined that the quantity representing the unit 
have its true length at the temperature of mel 

To obtain the new unit of leng 
length of a meridian had first to be meas 
ured. (Fig. 1.) If the earth were a sphere 
it would have been sufficient to measurs 
an arc of any length and to determine 
the corresponding angle. Our - net has 
a very complicated shape; but, it can be 
considered, with very great approxima 
tion, as a flattened rotation-ellipsoid so 
that the meridian is determined by two 
diameters. Accordingly, two arcs had to 
be measured on the same or on different 
meridians as to their angles and lengths 
From this, two equations were obtained, 








from which the two diameters, and also 
the length of a meridian, at the same time 
also the flattening of the earth could be 
calculated 


Two such measurements had been made half a century befor 
to solve the question as to the true shape of the earth, the one by 
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scondamine in Peru, the other simultaneously by Clairaut and Mau 
Lappland. Two steel units having a 
for the measurements which later were desi 
ind the toise of ees North. The latter v hadly damaged 
reck while the former arrived safely in France. The committe 
re proposed to use only the measurements 11 u for the deriva 
f the new unit of length and to supplemen yy a further meas 
nt between Dunkirk and Barcelona 
ince. 
> report of the committee was made on March 19, 1791 and san 
| by the National Assembly on March 26, 1791. As early as March 
he royal approval was given, whereby the Academy of Sciences 
vas instructed to name scientists for carrying out this work. Méc 
nd | Slaadoce took upon themselves the more important part of the task, 
reodetic measurements, and carried them-out under extreme difficul 
often threatened by death in the confusion of the revolution, 
tinate perseverance and unshakable courag 
dulum was determined by Borda and C 
The activity of the scientists, who were saf« ( 
was ended unexpectedly after two ye when, on August 8, 
793, the Academy of Sciences was dissolved because parasites were not 
to be tolerated in the State. The committee for the determination of 
measuring standards, however, was retained but Borda, Brisson, Coul 
mb, Delambre, Laplace and Lavoisier were removed from it because 
their republican sentiments appeared questionable. The dictators of the 
Republic were finally convinced of the folly of their procedure, and by 
decree of November 9, 1795 it was decreed that a new committee 
f scientists was to be appointed by the committee of public education 
(comité d’instruction publique) to complete the work already started 
This important committee, which finally finished this great task, con 
sisted of: Berthollet, Borda, Brisson, Coulomb, Delambre, 
‘range, Laplace, Méchain, Monge, Prony, Vandermonde, 
vere added Darcet, Legendre and Lefévre-Gineau. For 
pediency, a number of scientists of foreign countries were appointed 
\nna and van Swinden for the Batavian Republic, Balbo for Sardinia 
(he was later replaced by Vassalli Eandi), Bugge for Denmark, Cisyar 
ind Pédracés for Spain, Fabbroni for Tuscany, Franchini for the Roman 
Republic, Mascheroni for the Cis-alpine Republic, Multedo for th 
Ligurian and Tralles for the Swiss Republic. An excellent array of 
scientists among which Tralles and van Swindes 1 stood out 
The geodetical measurements were based on the toise of Peru. In order 
to preserve it from a fate similar to that of the toise of the North, four 
definite measuring rods each of a length of _. two toises were made 
f platinum by Lenoir, who also had to supply the repetition circles. To 
one end of the platinum rod was rigidly tent a brass rod, which 
served as metal-thermometer. One of the rods, the so-called modulus, was 
compared, with all possible accuracy, with the toise of Peru — used as 
standard for the determination of the other rods. All measuring data 
were first expressed in parts of the modulus; afterwards the conversion 
were made into units of the toise of Peru. According to van Swinden, 
half the modulus at 12.5° C. had the same length as the toise of Peru 


at 13° R. 
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Due to the unfavorable conditions of the times, it took 
until Mechain and Delambre finished their task. Upon conclu 
observations, the checking of the astronomical and geodetical 
confided to Tralles, van Swinden, Laplace and Legendre. T 
tion were made by Tralles, van Swinden, Legendre and De! 
each of them had to work independent of the others usi 
formulas. The special committee for the quadrant of the mer 
composed, in addition to the four calculators and Laplace, of ( 
Mechain. The report was prepared by van Swinden and he | 
on April 23, 1799. Two weeks later, May 7, 1799, the comn 
checking the measuring rods and for determining their relat 
toise of Peru, the toise of the North, and the toise of Mairo: 
posed of Coulomb, Mascheroni, Méchain, Multedo and Vas 

made its report 

The comparison of the meridian-arc Dunkirk-Barcelona wit] 
measured in Peru gave as flattening of the earth 1/334, from 
length of a quadrant of the meridian is obtained as 5,130,74 
the length of a meter as 443.295836 Parisian lines. This valu 


] ) 
less, tco small. F its derivation only the observations of B 


Peru were used. When Delambre also used the measurements of 


damine, he found the flattening of the earth as 1/309. Mor 
measurements of the degree make it probable that the value 
but little from 1/300. The standard length of the metric syst 
therefore, from the beginning, not according to its conception 
the 10,000,000th part of a quarter of the meridian but equal 
length of that rod intended to represent this unit. The meter 
fore, not a natural unit in the strict sense of the word but a conv 
unit like all other socalled natural standards as soon as they ar 
sented by a replica. At any rate the representation—the Archiv 
does not differ from the intended size of the meter by more th 


1/11,000 of this value 


Lefévre-Gineau had taken upon himself the work of deriving 
of mass. It had been decided that, that amount of pure wat 
greatest density, i.e., at 4° C., which would fill a cube of 0.11 
of side, should be considered as the unit of mass. This conceptior 
it necessary to represent the new unit of the kilogram by a weig 
was not possible to produce the required quantity of water of pr 
quality at any time and any place. Therefore, the kilogram was f1 
beginning a conventional unit. The weight and the quantity 
should balance each other in vacuum. 

Two ways were open to the investigator to carry out his t 
could weigh a vessel of known dimensions empty and filled with 
the difference was then the mass of the water. Or, he could 
body first, in vacuum and then in water, he would in this way obt 
mass of the amount of water replaced by the body. Lefevre-Gin 
the second method. He used a closed brass cylinder the height ot 
was the same as its diameter, about 0.2435 m. The volume of thi 
had to be measured directly. In order to obtain as great an acc 
possible the investigator measured the diameter of the cylind 
places and the height at 37. The diameter was measured on eight 
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spaced in height, and at six points on each section equally 
d around the circumference. The sieges were distributed 
over the whole surface and at equal distances from the 
is The average for the height was 0 243767 
meter 0.2428368 meters; the volume of the cylinder is, ‘herefore, 
1900054 cubic meters. This value is for a temperature of ; 


112 
since a metallic body of 11 cubic decimeters would have been 


. be weighed with sufficient accuracy. Lefevre-Gineau 
connected with the outer 


2 meters and for 


the inside of which he 
tube in order to be more independent of 
The tube protruded, above the surface of 
in water. During these measurements, the wat 
perature of 0.3° C. In order to be able to convert 
greatest density ReleereGinesu investigated the 


the obse 


water of 

water and the change of 
was carried out with a set of brass weights balance 
therefore, the new mass unit was 


sO 


density with temp¢ 


set but it was then immediately embodied in 
kilogram of the Archives. 

1 the checking of these tests cor 
Tralles and Vassalli. The fir 
port was made by Tralles, van Swinden combined the two repo 
meter and kilogram to one joint report which was giver 
National in May, 1798. On June 22, 1798, the committee 
ve State Archives Paris a platinum rod whi ch 

the temperature of melting ice, the meter, and a platinum cy] 


the definition given Fa 


The committee entrusted witl 
Coulomb, Mascheroni, van ara ed 


\ 


vas to represent, according to 


Both original standards were made by Fortin in Paris, 


The meter rod w 


s Archives-meter and Archives kilogram 
by the law of December 16, 1799, as “m 
then forms the basis of the metric system 
In its original conception, the metric system knows only 
t, the unit of length. The unit of area is a square 
equal the unit of the length, the square cS 
space will have to be the cube whose 
gth, the cubic meter. The unit ie volume, 
space occupied by a mlogram of pure water at 
pressure of one atmosphere. Both quantities, tl 
absolutely identical if the kil 
this is not the case, 


1 
hye 
il 


liter, would be 

its definition. In fact 
thoroughness of the work of Lefévre-Gineat 

we than about 1/30,000. According to the 
Lepinay, René Benoit and Henri Buisson on the 
duis on the other, made on five quartz cubes, the 
| liter 1.000027 cubic decimeters. For 
scientific requirements, liter and cubic 
tical, and only for the most exacting chemical an 
will it be necessary to take the difference int 


dec imeter 


As regards the nomenclature 
at first only in tl 


tr 
Lil 
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meter (métre). Otherwise, 

tained, as palme for 0.1 meter, doigt for 0.01 meter, 

meter, perche for 10 meters, stade for 100 meters, mille for 
lieue for 10,000 meters; further livre, also grave, for the unit 
h part, etc. The designation, generally 

present, in which the Greek words for 10, 100, 1000 (deca, h 
ire prefixed to the principal unit a decimal multipl 


corresponding Latin words (deci, centi, milli) for the d 


ounce for the tent 
1 
r 


divisions, is said to have bee ‘iginated by van Swinden. 


was already mentioned it > law April 7, 1795 


This law marks the first attempt to introduce the 
France. In their desire to accelerate as much as possibk 
ing-out of the question of weights and measures the 
Republic thought it desirable ) wait for the conclusio 
of the committee; they therefore derived a preliminary 


meter from previous measurements. This prelim 


' 
1 1 1 
provisoire legal) whose length w 


ines Was 


established. The application, h ver, was not compulsory, 


and commercial transactions. As the e id not 
ind also did not come ; 
designations were aft first given up and 
used French expressions. Later even the 
ind finally nothing more was lef 

ts were approximated by met 

id by 500 gms, etc. Or 

on the metri tem introduced and completel 

In the year inders had a « med 
the proud inscription “A t les temps, 4 tous les peuples 
ginning, their hope expré lerein \ ot fulfilled a 
failure in their home country not serve as recommendati 
new units. A turning point was reached, when the North-G 
liance and then the German Empire, founded in the meantim 
the metric system by the ordinance of Aus 
| ing with January 1, 1872 


9 
few states in Germany hax tar ‘ ne peginning ot 
century to create order in the question of weights and measur 
temberg in 1806, Bavaria 1809, Baden 1810, Prussia 1816, but 
1 with the existing units of the respective country wit 
neighboring states into consideration. A step toward ur 
was made in 1833 with the foundation of the German Cust 
which in 1837 prescribed a common customs-pound of 500 g1 
customs-hundredthweight of 100 pounds for paying the custot 
A few years later all German states with the exception of Aust 
Bavaria introduced this pound also in public traffic. Unfortunat 
subdivisions of the pound were again differently fixed in aln 
country. The endeavors for unification were, however, not silen 


in the year 1860 the National Assembly in Franfort-am-Main dé 
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nittee of authorities to work out suggestions fo1 


unified weights 
asures. In a thorough report the committee resolved, for poli 
to chose a foreign system of weights and measures, rather 
use in Germany. The metric system was chosen due t 
Prussia stood aside at that time; it abandoned its resistance 
The second committee elected, completely accepted the ideas of 
decessor and at once proposed drafting an ordinance of weights 
measures The political events of the vear 1866 at first prevented 
ission but on May 13, 1868 the Convention of the North-German 
ration accepted the proposal which became a law with the form 


ul rit ld 
the German Empire 


original reticence of Prussia had its good reasons 
> fact that Prussia possessed standards which were absolutely 
nd determined with all possible care, and also compared m« 
ith the toise of Peru. The original units of th 
ithout objection, especially the embodiment of 
hosen. The very material used, an impure platinun 
» unsuitable because it could not be properly 
ecause it was too soft. Further, the section wa 
the thickness too small, and finally, the sel 
fundamental unit must be considered a 
science prevailing at that time, 
rate conversion within a few fractions of 
inits principally important for practical use. To t 
that the Archives meter had not been handled very 
faces determining its length showed distinct impressiot 
tact pieces of the comparator used 
lid not go beyond the French borders, 
they became the more obvious the larger 
which used the new units because the 
it different times with the Archives meter 
selves due to the continuous deterioration of the 
ties due to this, induced the Director at that time of 
Geodetical Institute, Lieutenant-general Dr. Bayer, 
Academy of Sciences to work toward the appointment 


Commission which should construct common origina 


standards, 


] 
| 
tribute their reproductions, and compare them at definite intervals 


Scientists of other countries followed the lead of Bayer, then came tl 
scientific institutes, and finally also the governments. France declined 
it first, but as also at the convention of the European (later 
tional) Measurement of the Degree in 1867, especially at the instigation 
f the Swiss representative, the Director of the Neuenberg Observatory, 
Dr. Hirsch, a resolution was accepted in accordance with the suggestion 
of Bayer, the French Government at last invited the foreign governments 


to a meeting, and on August 8, 1870 the International Meter Com 
mittee assembled in Paris for the first time 

In these discussions and also in the later ones it became quite 
that the French scientists, with few exceptions, were not at all will: 
to give up the least title of the predominant position which France pos 
sessed in the metric system. It was agreeable to have replicas made of 





Page 404 INSTRUMENTS 


the Archives meter and the Archives kilogram, and to grant 
influence to foreign countries for the reproduction of the stan 
no further concessions were to be made. England sided wit 
because she apprehended less danger for her own system from 
system under French supervision alone. Also, the Dutch repr 
agreed with France for scientific reasons. Only when the other s 
German leadership—the German representative was Dr. Foer 
rector of the Berlin Astronomical Observatory and of the later | 
Standards Commission—insisted firmly on their will and threat 
found the necessary institute in Bern without France’s co-operati 
concessions made and so the International Meter Agreement wa 
concluded on May 20, 1875. The agreement stipulated that 
national Bureau of Measures and Weights is to be installed 
which is to stand under exclusive management and supervisi 
international committee for weights and measures which is pla 
the authority of a general conference composed of the delegat 
governments participating in the agreement.” The duties of thi: 
are: to make all comparisons and certificates of the new protot 
the meter and kilogram, the safe-keeping of the international prot 
the periodically recurring comparisons of the national prototy; 
the international prototypes and with the so-called Témoins whi 
to check the international prototypes and also the periodical 
of the standard thermometers used in these comparisons. 

The International Bureau, after the necessary buildings (pavill 
Breteuil in the Park of St. Cloud at Sévres) had been finished i: 
at once began its work, and in 1889 its most important task wa 
ished, namely the production and comparison of new internationa 
national prototypes. On September 24, 1889, the International Met 
Conference assembled in Paris and stipulated finally that in the fut 
in place of the Archives meter and the Archives kilogram the int 
tional prototypes alone should form the only basis for the metric 
These prototypes were selected from 30 simultaneously made mea 
rods and weights. The other measuring rods and weights were 
uted by lot among the co-operating countries. 

According to a resolution of the same conference, the meter 
defined as the distance between the end-lines of a measuring rod (t 
international prototype) at the temperature of melting ice under 
pressure of one atmosphere and deposited in the pavillion of Bret 
The rod is made of a very pure alloy of 90% platinum and 
iridium, a combination which seems to offer especial reliability 
its other physical and chemical properties in addition 
to its strength. The rod has a length of 102 cm. The 
section is X-shaped and enclosed in a square of 20 mm 
side length. The upper surface of the middle rib on 
which the lines are drawn coincides with the neutral 
plane. The metal has a thickness of about 3 mm. By 
making the lower legs slightly thinner the neutral plane 
has been placed in the center of the height of the sec- 
tion. Near the two ends ellipse-shaped faces are smooth- 
ly and highly polished on which the limiting lines are 
drawn. The division on each end consists of three lines 
6 to 8 # (14 micron equals 0.001 mm) wide and separat 
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from each other, of which the center lines are to serve as principal 
lines while the others can be considered as auxiliary lines. The position 

he center axis is determined by two heavier longitudinal lines drawn 
on both surfaces 0.2 mm apart. 


In order to preserve, at an eventual destruction or injury to the intet 
national prototype, the unit of length the 30 national prototypes have 
been compared among one another in 11 over-lapping groups, namely 
5 groups of 6 rods each, and 6 groups of 5 rods each; besides, each of 
them was compared with the preliminary original standard (called J2) 
of the International Bureau, and also with the new international proto 
type M. Finally, these two rods J2 and M were compared with each 
ther. Each complete comparison consists of four special comparisons in 
the four positions which the rods can have with respect to the micro 
scopes and to the observers. 

When measuring the rods must be placed on a horizontal support 
The international prototype is to be used without correction in length 
The distance of its end-lines is considered to be the exact representation 
of the meter, and a relation to the Archives-meter is not given. The 
old French prototypes only have historical value. In commemoration of 
the founders of the metric system and to prevent inconveniences which 
could have occurred due to a noticeable difference between the units 
previously used and the new ones was expressly stipulated that the 
quantities embodied in the new prototypes should agree exactly with 
the old French prototypes. In fact, they agree so well that even for the 
most delicate measurements of science and industry no difference in the 
length of the Archives meter and the international meter prototype is 
noticeable. But if this unnecessary requirement is expected each of the 
national prototypes or each of the 30 rods made simultaneously and re 
maining in the International Bureau can replace the international proto 
type without difficulty. 

At the 1889 General Conference on Weights and Measures the rela 
tion of the meter to the dimensions of the earth had already been aban 
doned but the connection between unit of length and unit of mass was 
still retained. At the conference in 1901 this relation was also discarded, 
and the following definitions were accepted: 


1. The kilogram is the unit of mass, it is equal to the 


tots 
ty 


2. The expression ‘‘weight’’ means a quantity of lik 
e product of the mass of the body and the 

ight of a body is the product of the mass « 

ravity 

The value normally accepted in international use 
cm/sec? 


Forty-two weight prototypes were made of the same material as the 
length prototypes. The kilogram has the shape of a straight cylinder 
39 mm high and 39 mm in diameter with rounded edges. 

In order that a substitute can be obtained immediately in the eventual 
destruction of, or injury to, the international kilogram prototype the 42 
units were compared among each other in 6 groups of 7 units each and 
in 7 groups of 6 units each, and finally also each kilogram was compared 
with the new original weight of the kilogram K. The latter compared 
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in the year 1880 with the Archives-kilogram was found to hb 
it within the limits of errors of observation. In each group thi 
sons were carried out in all possible combinations. Each complet 
ing consisted of 4 weighings between which the load of the bal 
changed in part by the addition of auxiliary weights, partly by 
ing ans of rock-crystal on which the weights rested d 


weighing 


In keeping with the international agreements the square m 


the unit of area measurement and the cubic meter the unit of 
With regard to the latter the General Conference on Mea 
Weights of October 16, 1901 stipulated the following: 


In the preliminary discussions on the International Meter A 
14 European and 8 American countries were represented, at its 
sion 13 European and 5 American countries took part, namely 
tine, Austria, Belgium, Brazil, Denmark, France, Germany, Hu: 
Italy, Norway, Portugal, Russia, Spain, Sweden, Switzerland, 7 
United States of America, Venezuela. Later were added: Servia 
Roumania 1882, Great Britain 1884, Japan 1885, Mexico 1890, ( 
Chile, Uruguay, Bulgaria 1907, Siam 1912. Brazil and Turkey 
dropped out later. In the meantime, other names have been add 
the list. The International Meter Agreement is one of the few 
which have come through the world war practically unimpaired 


For the above reasons the metric system was for a long time nat 
confined to France and its immediate neighbors. The introductio1 
new weights and measures in Germany prom« ted its acceptance 
countries. The International Meter Treaty contributed very mat 
to its spread. At present the metric system is used in all European 
tries except Great Britain and Russia. It is at present being intt 
in the latter country. Exceptional positions are held by Gre 
Turkey, for while the metric system was introduced in the for: 
1874 and in the latter in 1836, it has not yet been able to repla 
old units. In America, the United States refrains from using it, « 
other hand the metric units are used in Argentina, Brazil, Col 
Costa Rica, Mexico, Peru, Porto Rico, United States of Central A 
ica and finally Canada. In Asia, in addition to the French colonic 
and recently China have accepted the metric system, while Jap 
lowing England and North America has permitted a choice betw 
use of the metric and the national systems. In Africa, as far as tl 
lish influence extends, the English system is used. Egypt makes the 
system voluntary, the Union of South Africa gives it preference. | 
French Domain the metric system has been firmly established. Aust 
is favorably inclined to the metric system, so that a uniform syst 
weights and measures in the inhabited portions of the globe wil 
force shortly. 


~ 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for additional information 














New Potentiometer Pyrometer 


Recorder 
NEW Potentiometer Recording Pyrometer, developed by Wilson 


‘ ,? 
Maeulen Company, has a temperature record « 12 
shows a number of other new features of mechanical and electrical 


wide, and 


design. 


In this potentiometer recorder, when the measured voltage 


thermocouple changes, as a result of temperature chang 


mocouple, the galvanometer pointer deflects in th 


recuiion. 





bea. 


At intervals of 10 seconds a boom descends 
irmly while two sensing fingers, moving in a vert 
the pointer from each side, exploring for the locati 
ind if either finger finds the pointer deflected and 
tral or null position, a roller ratchet dog is rek 
ausing a drum to turn. 

By means of a violin string, wound around the drum an 
over pulleys at each side of the chart, and attached at opposi 
Mf a carriage, the motion of the drum in either direction is transmitte 
to the carriage which is adapted to travel back and forth across tl 


+ 
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whole instrument. The carriage carries the pen which marks t 
in its travel, and a contact brush that rides on the potentiom 
wire 

The selective operation of the drum’s rotation, both in direct 
extent, moves the contact on the slide wire so as to bring the 
ometer back towards its null or undeflected position, and at tl 
time moves the recording pen to record on the chart the tem; 
of the thermocouple 

Great width of chart, which provides a very open scale, and ext 
legible printing of temperature lines and numbers on the 
gether with the bright and contrasting color of the ink used. n 
possible to read the chart at a considerable distance from th 
ment 





A choice of three chart speeds, namely #4” per hour, 1! 


and 3” per hour, permits the user to secure the chart speed most 
able for his needs. On operations where temperature changes a1 
and long periods of time are involved, the slow speed condens 
record and makes observation of trends and cycles easier. For 1 
fluctuating temperatures and short cycles of operation, the fastet 

allow more detailed analysis of temperature changes. 


OO te 
2 PX 


The recording pen and the slide wire contact are integral and 
get out of relationship to each other 
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The recording pen has a metal tube siphon that will stand cleaning 
ind handling without breakage, and an ink reservoir that holds a sup 
oly of ink sufficient for an entire record roll. One of the interesting 
features is the ink developed by Wilson-Maeulen Company for this 
recorder. The ink has a brilliant red color and dries quickly on the 
record before the chart emerges from the case, so that the ink does not 
smear in passing through the paper slot. 


Among the new advantages of this recorder is a provision for easily 
ind quickly adjusting the sprocket at one end of the paper roller as to 
distance from the sprocket at the other end of the roller. This permits 
,djustment to accommodate for any variation in the width of the chart 
paper due to atmospheric conditions. 


Changes in the temperature of the thermocouple cold junction are 
,utomatically compensated for in the instrument by an electric cold 
junction compensator, similar to the automatic compensators success 
fully used on all types of Wilson-Maeulen pyrometers for the past 
several years. 

An external drive unit, consisting of an ample sized motor and double 
worm and gear speed reducing system, located outside the instrument 
case, furnishes power to the instrument mechanism. 

This drive unit is identical with the drive unit satisfactorily em 
ployed on Wilson-Maeulen automatic temperature controllers for a 
number of years, and is supplied with this recorder for either 110 volts 
or 220 volts alternating current. 

The drive unit provides ample power for operating more than one 
instrument, and the design is arranged so that a group of recorders, o1 
a group combining this recorder and the Wilson-Maeulen automatic 
temperature control pyrometer, can be operated by one drive unit 

Charts are available for a wide selection of scale ranges, in both 
Fahrenheit and Centigrade scales, to suit the various types of thermo 
couples and to suit the various temperatures of industrial operations 

For low temperature operations, from 600°F. down to 0° F. or 
lower, this same recorder is supplied to operate as an electric ther 
mometer employing resistance bulbs. 

The instrument case opens diagonally, making the entire mechanism 
easily accessible. This accessibility includes the slide wire, which is 
wound on a straight rod, located in front just above the chart where 
it is easily cleaned. Slide wires are easily and quickly removed and 
replaced and are interchangeable. 

Heavy and rugged construction and well machined parts are in 
evidence throughout. 

One of the accessories obtainable is a storage roll and holder, which 
fits underneath the recorder, for rolling up and holding the used por 
tion of the chart. 

The wide chart of this instrument, its rugged mechanical construc 
tion, ample motive power and many other desirable features, make it 
of particular interest to industrial pyrometer users for all types of 


service. 
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Solenoid Valves 
Packless Type 


(Electric Valve Manufacturing Co.) 


UTOMATIC control is one of the most essential requir 
the industrial field. The best and least expensive means 

matic control of the flow of fuel to gas and oil burning equi 
of water, air, etc., is by means of a solenoid or magnetically 
valve governed by a thermostat, pressure regulator or float swit 
solenoid valves are made in two 
types commonly called the stuffing 
box or packed type and the packless 
type. 

As it has been found that the 
packless type gives more satisfactory 
service than the stuffing box type, a 
number of solenoid valves of the 
packless type have been developed, 
descriptions of which are given in 
following pages 

Solenoid Movement. The solenoid 
movement is constructed so that the 
rustproofed steel plunger, which is 
directly connected to the stem of the 
valve, is allowed to slide in an air 
tight housing made of a special com- 
position. This housing is sealed by 
means of a steel cap which is forced 
down with great pressure by a high 
tension spring. Due to rise in tem 
perature of the solenoid under op 
erating conditions an expansion of 
the cast iron housing takes place and 
this spring, which exerts a constant pressure on the top of the p! 
housing, allows for this expansion, thereby keeping the plunger « 
leakproof under all conditions. The operating parts of the solen 
rustproofed and the valve stem slides through a brass bushing 
is no occasion for the parts to fail to function through stickit 


movement is of a very sturdy construction so as to withstand f1 


and numerous operations and is designed to take a standard 


connection. Should replacement of coil, which is enclosed in 
housing, be desired, it is only necessary to remove the four cap 
which hold the cover in place. The coil can be replaced without 
ing any other part of the movement, thus eliminating the nece 
any readjustments. 

The fluid to be controlled is allowed to flow into the plunger « 
without causing any injury to any part of the apparatus 
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eT, 


provide ample power to operate the 


; under various conditions and ranges of 
' _ several sizes of solenoids are used 

To provide for any industrial requirements, 

is types and sizes of packless valves can 

ysed in connection with the several sizes of 

snoids. Proper types of valves to meet spe 
cial requirements can be adapted to these sole 

id movements. The packless valve having no 
stuffing box can develop no leaks. 

Operation. When circuit is made the magnet 
is energized, lifting the plunger to open the 
valve in which position it is retained as long as 
the current is left on. It will not overheat 
under continued service in the open position, 

Failure of the current causes the valve to close 
The valve closes with the flow, thereby assur 
ing tight seating. 

It is actuated for remote control by push 
button or automatically by means of a two-wire thermostat, pressure 
regulator or float switch. 

Relays. These solenoid valves can be operated direct from the lighting 
circuit as the power consumed is not any greater than can be taken care 
of by standard manually operated switching devices. Therefore, any 
standard push button can be used to operate these valves 

When solenoid valves are automatically operated by means of an in 
strument such as pyrometer, recorder or thermostat, which is usually 
provided with small contacts of the nor 
mally open, momentary contact, three- 
wire control type, these contacts not being 
able to carry the current that operates the 
valve, a relay must be interposed between 
the controlling device and the solenoid 
valve. 

Type N Valve for Oil, Air, Water or 
Brine. This valve has a broad use in the 
industrial field and is especially designed 
to control feed supply to oil burning equip 
ment and for supply of water on small 
water cooled refrigerating machines. It is 
ilso suitable for gas burning equipment 
where the valve is by-passed for a pilot or 
where a slight leak in seat is not objec- 
tionable. . 

The valve is of a needle type, the stem 
ff which forms the needle that closes the 
valve. This stem is made with a 60 degree 
taper which is allowed to rest on the coun- 
tersunk edge of a straight port, there being 
practically no wear on the seat due to 


a SOLENOID VALVE 
rt honed 7, 
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large angle of needle. Having no stuffing box and packing, tl 
allowed to slide freely without any friction. Therefore, the valv 
stick in either opened or closed position which makes it positive 
and fully dependable. It has a 4%” or 4g” port opening and ca 
nished to accommodate 4%”, 34” or 2” pipe sizes. The pres 
idmitted above the seat tends to force the stem down on th 
after a few operations the stem forms its own seat, thus assuri 
seating. 

Type D Valve for Oil, Water, Gas, Brine or Air. The valve 
valve of the removable disc type and either hard or soft dis: 
various compositions can be used according to the nature of th 
be controlled. The disc rests on a rounded seat which together \ 
sion of spring and ‘actual working pressure which is applied al 
disc, exerting a pressure on the seat, makes the valve absolut 
seating. The pressure being admitted above the seat tends to | 
valve closed against the pull of the solenoid and is recommended . 
moderate pressures in small sizes and low pressures in large sizes. Havi; 
no stuffing box and packing, the stem is allowed to slide without frict 
and will not stick in either open or closed position, which makes it 
tive in action and fully dependable. 

Discs of different compositions are installed in this type of 
order to take care of special requirements. Should valve be requir 
control flow of water, disc of suitable composition for this purpos 
installed. Should requirement be for gas control, a disc of a diff 
composition is used, etc. Renewable discs can be furnished for any 

Type SB Valve for Water, Brine, Air or Oil. The type SB val\ 
double bevel disc, semt-balanced valve suitable for moderately hig! 
sures. This is a packless type of valve and is especially recom: 
where tight seating is not required. 

Type P Valve for Steam, Oil, Water, Gas, Air, etc. The valv 
double disc piston type and is fully balanced as the force exerted by 1 
pressure upon the two discs, which are of the same area, is equal 
form of the valve chamber is such that it gives full area and offe: 
obstruction to flow through the valve. 


New ‘“‘Megger” Instrument 


OR measuring resistance from .01 ohm up to 100 megohms 

000,000 ohms), James G. Biddle is offering a new “Megger™ 
ment called the “Bridge-Meg” Resistance Tester. This instru: 
combines in one unit facilities for making Wheatstone Bridge m 
ments of conductor resistance at 250 volts, and also ““Megger”™ 
insulation resistance at 500 volts. It weighs only 12% lb., and m 
7 x 8% x 12 inches. It includes necessary dial resistances for “B: 
tests, a direct-reading ohmmeter for ““Megger” tests, and a 500-\ 
constant-pressure hand generator for current supply. 

The range of measurement covered by the “Bridge” is from 
up to 999,900 ohms and the “Meg” (or “Megger”™) range is 
10,000 ohms up to 100 megohms. The “Meg” portion of th 
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imilar to Biddle’s “Meg” and “Super-Meg” Insulation Testers—direct 
reading by means of a pointer over a scale when connections are made 
ind the hand-crank is turned. The “Bridge” arrangement has four dials 
f nine coils each in the resistance arm, giving a total of 9999 ohms 
A five-position ratio dial (+100, +10, X1, X10 and X100) gives the 














added breadth of range down to .01 ohm and up to 999,900 ohms. As 
a “Bridge” it is operated in the same way as an ordinary Wheatstone 
Bridge Set except that instead of employing a battery, current at 250 
volts is supplied by the hand generator, and the ohmmeter is used as a 
galvanometer for balancing. Balance can be obtained quite rapidly by 
manipulating the resistance and ratio dials while the hand-crank is 
being turned. 

There are only two binding posts, which are located on the side of 
the instrument opposite the hand crank. The change from “Bridge” to 
“Meg” and vice versa is made merely by turning a two-position dial 
This and the ratio dial are shown near the base of the instrument in 
the picture. The “Bridge” rheostat dial positions are shown by numbers 
on discs which appear through small windows next to each dial. The 
case is of cast aluminum with bakelite top and base. A metal lid covers 
the “Meg” scale. A leather strap is provided for carrying 

An important feature of the hand generator is a slip-clutch arrange 
ment by which a constant potential is delivered when the hand-crank 
is turned at or above its rated speed of about 160 r.p.m. This makes it 
possible to use the instrument as a “Bridge” under all conditions, in 
cluding tests where a considerable amount of self induction is present 

such as in large coils,—and also as a “Meg” for insulation resistance 
tests under all conditions including large apparatus and long cables 
where there is usually a considerable amount of electrostatic capacity 

The “Bridge-Meg” is designed and intended for practical everyday 
use by any one who needs to make rapid and accurate tests of resist 
ance. It is rugged and practically fool-proof. 




















assembled equipment 1s 

The calibration 

S. standard gal 

tenths, 

m VU.0 to 

2.0. Similar equipments are of 

tainable calibrated in Ibs. water 

per 100 Ibs. dry aggregate, for 

use where materials are batched 
by weight 
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The Rapid Determination 
of Moisture in Damp 
Concreting Aggregates 
Without Computation 

(Tappan Collins) 


ITH concrete designed for a 

required strength, it has be 
edly confirmed that a certain latitud 
measurement of aggregates is per 
but that rigid control of the total hy 
water is indispensable. 

Where materials are batched by 
as is most commonly the practi 
variations in aggregate quantities ar 
table. If reasonable care is exercised t 
tain even approximate compensati 
variations due to bulking and segregat 
unmixed aggregates, these inaccuraci 
not in themselves excessively harmfu 
experienced concrete foreman is prot 
detect “undersanding,” or “oversa 
and handles its rough compensatio1 
as a matter of course. 

With the more important variabl 


ly: fluctuations in the moisture cont 
the aggregates, he is altogether at sea. If t 
amount of contained moisture were ki: 
to him in gallons of moisture per cul 

for each aggregate, compensating th 
uring water tank to deliver the corr 
mixing water would be as simpk 


readily handled as correcting for ov 
undersanding. 

It is the function of the Collins H 
meter to measure this contained 
and reveal the reading in gallons per 
foot, without delay and without com) 
tion 

A quantity of saturated solution of 
mon salt in water is kept on hand 
barrel or other convenient containe: 
the batching operations, where control 
perly belongs, to insure that its temp: 
will approximate that of the aggregat 
specific gravity of this solution will 1 
almost exactly constant regardless of 
perature changes, providing saturat 
maintained. 
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volume of damp aggregate is mixed with an equal volume of satu 
1 into the solution, diluting it to a degree depending on the degre 
npness of the aggregate sample. It makes no difference how large 
mall the sample volume is, or whether we know its size, 
umes of sample and solution are equal 
stated intervals, or when fluctuations in the moisture content are 
cted, a small pail of saturated salt solution is placed in a mixing 
‘ket and an equal volume of damp aggregate mixed with it. The 
ting dirty solution is sampled with the filtering syringe containing 
hydrometer and the moisture content is read directly from th 
gallons per cubic foot 
The same test is useful for both fine and coarse aggregates. The in 
strument is easily cleaned and cannot possibly get out of adjustment 


y 


salt solution, all of the free moisture in the aggregate is prompth; 


Saturation of the solution medium is maintained by keeping an excess of 
idissolved salt in the bottom of the container, and this saturation 
idily checked by testing with the hydrometer for a zero reading 
Percent voids are similarly determined with the hydrometer, 
1e struck volume of inundated aggregate with tw olum« s of 
salt solution. The resulting solution is te 
the reading multiplied by 2 to obtain voids expressed i ons of 
ner cubic foot of aggregate. To reduce this figure to sane cei. 
ly by 13.362 
For those jobs where weighing batchers are used the 
furnished calibrated in pounds water per hundred pounds dry aggr 


Saturat 


e hydrom: ter 


In this case equal weights of aggregate sample and solution medium 
mployed, and a crude spring balance suffices for precision weighing sin 
guating the weights cancels any error inherent in the balan 
These instruments are individually hand-calibrated and are guarantee: 
' 


not to depart from the specified specific gravity equivalents more 


half of the least scale division at any point on the scale. Both thi 
ind apparatus are covered by applications for 


New Precision Potentiometer 


(Gray Instrument Company) 


among electrical measuring instruments, especially for 
measurements of electromotive forces, 0 increased 


fulness 


In Standardizing, Physical, Biological, Chemical and 
Laboratories, the potentiometer is regarded as essential 
The potentiometer 1s essentially an instrument for comparing differ 


nces of potential and the various designs differ in the method of 


lividing the potential drop into decimal steps. Such instruments have 
ither high or low resistance circuits, and while each possesses inherent 
idvantages it also presents disadvantages. The high resistance | 


meter requires a very small amount of current so that a long serie: 


HE very important place which the potentiometer now 


oten 
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ot measurements can be made without the necessity of readju 
current in the potentiometer circuit. It, however, involves 
number of switches for manipulation to establish a balance a: 











fore not so convenient to manipulate in’ addition to its higher 


low resistance potentiometers the current required is larger a1 


tion in resistance, especially of the battery, will vary the current 1 
appreciable extent, thereby necessitating more frequent adjust: 
the regulating rheostat and consequent repeated checking agai 
standard cell to insure the correctness of the E. M. F. under t 

The low resistance type eliminates the use of contacts directl 
potentiometer circuit, thereby confining it to the use of only o1 
of resistances and a slide wire. It has the advantage of greate1 
ence of manipulation as compared with the high resistan 
tiometer 

This potentiometer combines accuracy, range and facility 
most exacting measurements in potentiometry. The circuit is th 
type thereby enabling the last setting to be made on a singl 
slide wire, the contact of which is continuously rotatable. This 1 
avoids turning back over the wire for setting to zero making fo1 
settings and eliminating unnecessary wear. 

The direct range is 0.000001 volt (1 micro-volt) to 1.811 volts 
can be extended by external multipliers. The instrument is 
with regulating rheostat for any type of battery and a standard 
setting control to permit the use of any Cadmium cell. 

The setting key for the E. M. F. and the standard cell circuit 
the lever type as is also the galvanometer circuit key with its prot 
resistances. This form of key is characterized by a convenie1 
freedom from derangement not equalled by any other construct 

The total circuit resistance is intermediate between high 
resistance potentiometers thereby embodying the advantages 
of these forms without their disadvantages. 

The current required is but 0.002 ampere and in service thi: 
tiometer can be used over long intervals without the need to ch« 
on the standard cell or to make readjustments of the regulatir 
Stats. 
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Tetco Tim Seven Day Operation 
Recorder 
(Electric Tachometer Corporation) 


ARIOUS types of “Operation Recorders” have been on the 
] 
if 


plants to 


for years and proven a very valuable asset in industria 
record the productive and non-productive time of various types of auto 
matic and stationary machines. 
Heretofore, recorders of this nature were furnished witl 
charts necessitating the changing of charts within 24 hours or the record 


HALF SIZI 


for the previous day would be spoiled. The Tetco Tim recorder on 
the other hand, is provided with an automatic daily trip mechanism, so 
that a new record is made each day. These records cannot interfere with 
one another as shown on the chart above. The Seven Day record remains 
intact. Another advantage of the seven day feature is that charts can be 
removed at any time during the week. The Record is, therefore, suited 
for either single or seven day operation. The clock requires winding 
nce per week. 

The use of a seven day recorder will save several dollars per year 
in the cost of charts alone. The time required to wind the clocks and 
install charts is reduced to once per week instead of daily. This makes 
Tetco Tim recorders very economical to use 
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Tim recorder operates on the same principle 


motion produced by the machine in operat 
details or electrical connections are regu 
bolted fast to some slow moving part of th 
as cam shafts, plungers, etc. They can be mounted direct | 
ing machines or wheels provided the speed is not more than 
These recorders will show 
the time in operation by a 
heavy _ and idle time by 
light line. All starts and stops 
detected from the 
chart 
As a pe tmesgee Record 
it will show the time the 
machine starts each morning 
ind any stops due to poor 
material or inefficient opera 
ors. This gives a very thor 
ough analysis of machine 
operations and will greatly 
increase the production of 
machines equipped with 
them 

No ink, pencil or trouble HALF SIZI 
some writing mechanism is aan te: 
used in these recorders. 

They employ a special wax 

coated chart which will stand rough handling. A steel stylus is 
to the writing arm, which in turn, is operated back and fort 
the swinging of the pendulum. The pss being at rest whe 
is nO motion, a narrow line is produced showing idle periods. W] 
machine upon which the recorder is mounted is operating, the p 
starts oscillating and a wide line is produced. 

The Pre r is very compact. It is approximately 6” in diamet 
weighs » lbs. The front is provided with a clock dial to en 
recorder to serve two purposes. In special cases where a number ar 
in the same room or if, for any reason, the clock dial is not desi: 
recorder can be supplied with a cover plate over the clock. A 
and fast” adjustment is provided for the clock. Each recorder 
nished with a substantial lock and duplicate keys. 

Since these recorders are operated by motion, they can be 
check idle or operating time on all kinds of vehicles, tractors, 
hoists, etc 


New Compression Indicator 
(G. L. Holzapfel) 


HE high compression pressures used on modern internal cor 
engines have made all the more important the maintaining 
designed pressure and emphasize the importance of an accurat 
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sting that pressure. Hitherto, the employment of 


ression pressures rendered their periodic measuremet 
; a result only one or two gauges were on the 
irate. all of them inconvenient 
Compression pressure 
badly seating valves or leaky pi ; piston 
leaks are usually due to 
wear, but in the majority o 
leaks are due to faulty valves 
When compression begins 
valves, burning takes plac 
valve and seat become pe 
the degree of damage depending 
during which such leak: 
med rings may cause 
cylinders. All 
lubricating oil 
cylinder walls and 
Apart from this, 
considerable loss of 


wastage of fuel and oil, besi 


very much less pleasant to drive 


Even experts cannot tell, without makin 


accurate measurements 


taking place and thus deteri 
fore its effect can he fel 
Holzapfel Compression Indic 


such deterioration, for with it all leaks can be det 





stages 
The Holzapfel Compression Indicator 
fll the need for an accurate and reliable instrument 
ments were carefully tested and their objections overcome, « 
ment produced having none of the disadvantages ¢ 

1@ compression indicator is screwed into the spark 
the engine cranked (about five turns are sufficien 
pressure). It can be plainly seen that, owing to 
valve, the pressure of the gas pumped into the space communic: 
the pressure gauge very soon reaches the maximum pressure 


hy rn 


the engine cylinder during the compression stroke, this | 
course, registered on the pressure gauge 

The check valve is so designed that it is absolut 
the compressed gas trapped in the upper part of the body 


ntil 


recording the maximum compression pressure, until 


I, 


pression of the valve. 
It will be seen that this gauge overcomes all of the diff 
ously experienced. There are no inertia effects, it functions 1 
period of time, it is self-recording and extremely simple in operation 
valve can be replaced in a few seconds and the simplicity of the instru 


ment is the reason for its absolute reliability 
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Minot Simplified Automatic 
Rotary Microtome 


ODIFICATIONS of the Standard Rotary Micro- 

tome sponsored by the late Dr. Charles S. Minot 
of Harvard University consist of the essential features 
of the type made by the International Instrument 
Company and approved by Dr. F. B. Mallory of the 
same institution. 


Four of its outstanding features are: 


1. The Universal ball and socket specimen 
clamp with one screw only for prime rig- 
idity. 

. The vertical and horizontal bearings are 
fitted with high grade steel inserts, con- 
tacted by screws conveniently placed to 
provide means for taking up wear when 
necessary. 


. A cog wheel of steel feeds two microns 
at a time. 


. The base is very heavy to give great sta- 
bility in use. 


Write for complete information 
on this model. 


Bausch & Lomb Optical Co. 


637 St. Paul St. Rochester, N. } | 
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Weston“ Juniors” 


HE Weston “Junior” Line em- 

braces D. C. and Single Phase 

Wattmeters, A. C. Ammeters and 

Voltmeters and Current and Po- 

tential Transformers. Wattmeters, 

Ammeters and Voltmeters are enclosed in durable 
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RUBICON COMPANY 
Makers of 
Precision Electrical Measuring Instruments 


Resistance Boxes — Wheatstone and Kelvin Bridges 

Galvanometers — Potentiometers Magnetometers 

Permeameters—Standards of Resistance, Inductance 
and Capacitance. 


Special Measuring and Control Apparatus 
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VENTURI INK is recommended by users for all 
kinds of recording instruments 
Write for prices. 


BUILDERS IRON FOUNDRY 


“Builders of The Venturi Since 1891’’ 





27 Codding Street Providence, R. I. 


LEM Ag) Indicators 


the dependable precision instruments for 
indicating piston engines of all types. 
Four sizes, for speeds up to 2500 R.P.M. 
Special indicators for locomotives and 
various other applications. 











Users: U. S. Navy Department 
and others. 
LEHMANN & MICHELS, Abt. I, 


Hamburg-Altona, Germany. 
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to bother with the old Bell-Ringing Magneto 
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PYRO OPTICAL PYROMETER 


With Direct Reading Iron Scale—No Charts to Consult 
Easy to Use. 
Accurate 
Economical 


Practically 
automatic in 
operation. 
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Entirely self contained in one small unit—Weight 3 pounds. 


THE PYROMETER INSTRUMENI COMPANY 
50 Howard Street New York, N. Y. 
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TH ERMO- UNCTIONS (Electric) 
Rawson Electrical Instrument Co. 
THERMOMETERS 
Gas Filled 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument “TT 
Tagliabue Mfg. Co., C. J. 
Mechanical 
Brown Instrument Co. 
Tagliabue Mfg. Co., C. J 
Mercurial 
Tagliabue Mfg. Co., C. J 


Safety, Fuel Shut-off 
Tagliabue Mfg. Co., C. J 
VENTURI METER 
Brown Instrument Co 
Brown Instrument Co. Builders Iron Foundry 
ME SWITCHES VIBROGRAPH 
ME STAMPS—Automatie Lehmann & Michels 
ME SYSTEMS—Electric VIBROMETER—DAVEY 
Electrocon Corporati 
VIBROSCOPE 
Electrocon Corporation 
VISCOSIMETERS 
Tagliabue Mfg. 
Taylor Instrument ( 
VISCOSITY TUBES 
VOLT-AMMETERS 
Weston Electrical I 


ERS 
Leeds & Northrup Co 
Rawson Elec. Inst. Co 


Lehmann & Michels 
TRANSITS 
Engineer's, Surveyors, Mine, 
Pocket 


Taylor Instrument Cos. 
Resistance 

Brown Instrument Co 

Leeds & Northrup Co 

Wilson-Maeulen Co., Inc. 
Vapor-Tension 

Brown Instrument Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Co. 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co. 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos. 
THERMOSTATS 

American Radiator Company 

Bristol Company 

Brown Instrument Co. 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Cos 


Taylor Instrument Companies 

TUNING FORKS—Electrically 
Driven 

Rubicon Company 
VALVES 
Automatic Shut Off 

Brown Instrument C 

Tagliabue Mfg. Co., C. 
Balanced 

Brown Instrument Co 
Diaphragm 

Tagliabue Mfg. Co., C 

Taylor Instrument Cos 
Electrically Operated 

ak Instrument 
Redue 

Tasiiabue Mfg. Co., C. 
Regulating 

Brown Instrument Co. 

Tagliabue Mfg. Co., C 

Taylor Instrument Cos 


Co. 


VOLTMETERS 
Indicating 


Leeds & Northrup 


Rawson Electrica 
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Ins 


Weston Electrical 


Recording 
Bristol Company 


Leeds & Northrup 


WATER METERS 


WATER & SEDIMENT 


RATUS 
Tagliabue Mfg 


WATTHOUR METERS 


WATTMETERS 
Indicating 
Rawson Elec 


Ce 


trical 


Weston Electrical 


Recording 
Bristol Company 


WAX MELTING APPARATUS 


Tagliabue Mfg 
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Our extensive line o! 
atalogs will cover your 
particular interests. A 
letter, stating what you 
make or what, instru- 
ments you use wil! 
bring detailed in‘orma- 
hon. 





Built With 


N all those num : Di 
] of which depends 
product, the Aut 
TrYti3> Temperature 
ations. Whether it be 
teel rugged parts or t 
which adds the finishing 
perasure must be carefull 
juality and uniform results 
The Automobile Indust 
which TYCOS Instruments at 
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Taylor /nstrument Companies 
“ROCHESTER. N.Y.. U.S.A. 
CANADIAN PLANT MANUFACTURING DISTRIBUTORS 


TYCOS BUILDING IN GREAT BRITAIN 
TORONTO SHORT & MASON, LTD., LONDON 


SENSE OF INDUS TRY 


erature Instruments 
RECORDING -~ CONTROLLING 
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This SMALL 
“Handy Bristol’s 
Thermometer” 


Provides an ideal medium for obtaining 
automatic records of atmospheric tempera- 
ture in cold stor age rooms, refrigerators, 
hardening rooms, etc. The instrument as_illus- 
trated is entirely self-contained. The all-metal 
case of aluminum alloy is light in weight, yet rugged. 
Furnished either with black or white enamel finish. Has 
convenient handle for carrying about. Can be set down 
anywhere. The chart is but 4 inches in diameter, yet has widk 
open scale graduations—easy to read. Makes continuous record 
over period of 72 hours without requiring any attention whatsoever 
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. The Bristol Company, Waterbury, Con 
2 Boston Philadelphia Birmingham Chicago De 

New York Pittsburgh Detroit Akron St. Louis San Fran 





